Background/Objectives: To outline and discuss the main results and conclusions of the European Food Consumption Validation (EFCOVAL) Project. Subjects/Methods: The EFCOVAL Project was carried out within the EU Sixth Framework Program by researchers in 11 EU countries. The activities focused on (1) the further development of the EPIC-Soft software (the software developed to conduct 24-h dietary recalls (24-HDRs) in the European Prospective Investigation into Cancer and Nutrition (EPIC) Study) and the validation of the 2-day non-consecutive 24-HDR method using EPIC-Soft, (2) defining and investigating the applicability of the most appropriate dietary assessment method to younger age groups and expanding the applicability of the software for use in exposure assessment of some potentially hazardous chemicals and (3) to improve the methodology and statistical methods that estimate usual intake distributions from short-term dietary intake information and develop a methodology to quantify uncertainty in usual intake distributions. Results: The preexisting EPIC-Soft application was reprogrammed into a Windows environment and more than 60 new specifications were implemented in the software. A validation study showed that two non-consecutive EPIC-Soft 24-HDRs are suitable to estimate the usual intake distributions of protein and potassium of European adult populations. The 2-day nonconsecutive 24-HDRs in combination with a food propensity questionnaire also appeared to be appropriate to rank individuals according to their fish and fruit and vegetable intake in a comparable way in five European centers. Dietary intake of (young) children can be assessed by the combination of EPIC-Soft 24-HDRs and food recording booklets. The EPIC-Soft-standardized method of describing foods is useful to estimate dietary exposure to potentially hazardous chemicals such as specific flavoring substances. With the developed Multiple Source Method, repeated non-consecutive 24-HDR data in combination with food propensity data can be used to estimate the population distribution of the usual intake by estimating the individual usual intakes. Conclusions: The findings provide sufficient evidence to conclude that the repeated 24-HDR using EPIC-Soft for standardization in combination with a food propensity questionnaire and modeling of usual intake is a suitable method for pan-European surveillance of nutritional adequacy and food safety among healthy adults and maybe in children aged 7 years and older. To facilitate this methodology in other European countries, the next step is to provide and standardize an implementation plan that accounts for maintenance and updates, sampling designs, national surveillance programs, tailored capacity building and training, and linkage to food composition and occurrence databases.
Introduction
For effective formulation and evaluation of European health and food safety policy, standardized data are required on the food consumption of the European population. At present, many member states collect such data at the national level, but different methodologies are used. This limits the development, evaluation and follow-up of European food policies. The European Food Consumption Validation (EFCOVAL) Project was devoted to the further development and validation of a standardized method for food consumption surveys, evaluating the intake of foods, nutrients and potentially hazardous chemicals in the European population.
The EFCOVAL Project is part of the EU Sixth Framework Program call 'Developing a trans-European methodology to study food consumption ' (FP6-2004-FOOD-3-B-T5.4 .2.2)'. EFCOVAL continued the work of the former EU Project 'European Food Consumption Survey Method' (EFCOSUM, Brussaard et al., 2002) , which recommended a repeated detailed recall of all foods consumed by a person in the preceding 24-h period as the best method to obtain reliable and comparable data for European adults. The EPIC-Soft program (the software developed to conduct 24-h dietary recalls (24-HDRs) in the European Prospective Investigation into Cancer and Nutrition (EPIC) Study) was recommended to collect standardized 24-HDRs in European countries, although the need for additional developments and improvements of the software was recognized. Following the recommendations of EFCOSUM, EFCOVAL addressed several aspects related to the implementation of a computerized 24-HDR using EPIC-Soft as the instrument for dietary monitoring in pan-European studies. The most important activities of EFCOVAL focused on three main objectives, that is, (1) to upgrade and adapt EPIC-Soft and validate two non-consecutive dietary 24-HDRs using EPIC-Soft in adults; (2) to define and investigate the applicability of the most appropriate dietary assessment method for younger age groups and expand the applicability of EPIC-Soft for use in exposure assessment of some potentially hazardous chemicals; and (3) to improve the methodology and statistical methods that estimate usual intake distributions from shortterm dietary intake information and develop a methodology to quantify uncertainty in usual intake distributions. This paper summarizes the results for the three main objectives and provides references to specific papers on various topics within EFCOVAL. In addition, in the last section of this paper, the overall conclusion of EFCOVAL and recommendations for the future are given.
The upgrade and adaptation of EPIC-Soft and the validation of two non-consecutive 24-HDRs using EPIC-Soft Upgrade and adaptation of EPIC-Soft. The EPIC-Soft software for 24-HDRs was developed in the early 1990s in the DOS-environment as a reference calibration method in the EPIC Study (Slimani et al., 1999) . In EFCOVAL, it was completely integrated into a modern Windows environment, and the EPIC-Soft data structure and databases were updated to accommodate new specific requests of users of the software. On the basis of an inventory among past, current and potential future users of EPIC-Soft, discussions within two expert groups (task force groups) and a workshop on new specifications for the program were listed and prioritized. In a next step, more than 60 improvements and new functions were implemented in the new EPIC-Soft release, which is more user-friendly and better suitable for use in future pan-European food consumption surveys. For example, specific guiding colors are linked to the different interview steps and certain parameters can now be defined in a setting module. In addition, facilities to manage comments that may arise during the interview in free text format (so-called 'notes') were also improved. However, the general internal concept of standardization and the main structure of EPIC-Soft remained unchanged . In addition, the layout of a centralized web-based EPIC-Soft Methodology Platform was designed for a wide dissemination of the EPIC-Soft application, and to provide support to conduct (inter)national dietary monitoring studies. The platform includes a series of modules (maintenance, settings, interview manager and communication modules), which will be completed in 2011 together with the related infrastructure.
Validity of the instrument. In parallel with its further software development, EPIC-Soft was validated among 600 men and women, 45-65 years of age, in Belgium, Czech Republic, (south of) France, the Netherlands and Norway. These five countries ensured a representation of different geographical areas in Europe with different food patterns, different levels of experience with EPIC-Soft and in performing dietary surveys and the availability of a food composition table. The study evaluated food and nutrient intake estimates collected with two non-consecutive 24-HDRs using EPIC-Soft and a food propensity questionnaire against biomarkers in 24-h urine collections and in blood samples.
The results showed that two non-consecutive 24-HDR using EPIC-Soft are suitable to describe the usual intake distributions of European populations according to their protein and potassium intake (Crispim et al., 2011a) . Furthermore, the repeated 24-HDRs using EPIC-Soft in combination with a food propensity questionnaire appeared to be appropriate to rank individuals according to their fish and fruit and vegetable intake in a comparable way among five European centers (Crispim et al., 2011b) . Furthermore, the impact of different modes of administration (face-to-face at research center versus telephone interview at home), recall days (first versus second), days of the week (weekday versus weekend) and interview days (1 versus 2 days later) on the bias in protein and potassium intake collected with 24-HDRs was evaluated.
Overall, the biases in protein and potassium intakes were comparable between face-to-face and telephone interviews, first and second recall days, weekdays and weekends and interviews performed 1 or 2 days later, in some, but not all, centers. From this study, it was concluded that 24-HDRs collected by telephone interviews seem to provide a more accurate assessment compared with face-to-face interviews at the research center in some European centers. In addition, second recall assessments may be less accurate than first recalls (Crispim et al., personal communication) .
The participants of the validation studies also completed an evaluation questionnaire. Most of the respondents (B90%) felt capable to describe and quantify the foods and beverages consumed during the 24-HDR using EPIC-Soft to a high or fairly high degree. This was the case for both face-to-face and telephone administrations. Preferences and capabilities sometimes differed between population subgroups, therefore a respondent evaluation during a pilot study was recommended to improve participation and compliance in future dietary monitoring surveys .
Define and investigate the applicability of the most appropriate dietary assessment method for younger age groups and expand the applicability of EPIC-Soft for use in exposure assessment of potentially hazardous chemicals Applicability of the instrument in children. EPIC-Soft was developed to conduct 24-HDRs among adult populations. The EFCOSUM group identified the need to adapt EPIC-Soft to specific population groups, for example, children and adolescents (Slimani and Valsta, 2002) . The most appropriate dietary method for pan-European surveys among children was identified during the first phase of the EFCOVAL Child Project. For this purpose, 12 experts from Europe and the US were brought together in a workshop that focused on 24-HDR methods and food records. The experts suggested a repeated 24-HDR among school children (7-14 years). To help recalling of all foods, the children should bring a booklet to register what was eaten in school or other places out of home. Furthermore, at least one parent should assist in the 24-HDR interview. For preschoolers, however, two non-consecutive days of food records were advised. To make the data of preschoolers comparable to those of the other age group, it was recommended to structure the food records and specifically ask for product details comparable to the food description used in EPIC-Soft (Andersen et al., 2011) .
The feasibility of the advised dietary assessment methods was tested among 249 Danish and Basque schoolchildren in the age group of 7-8 and 12-13 years. Two non-consecutive face-to-face 24-HDRs using EPIC-Soft were combined with food recording booklets (FRBs). Both the 7-to 8-year-and the 12-to 13-year-old children participated actively in the interviews. The children, parents and interviewers agreed that many children in both age groups needed help from the parents during the interview. The majority of parents and children reported that the FRB facilitated the 24-HDR. Overall, the repeated non-consecutive face-to-face 24-HDR using EPIC-Soft in combination with FRBs was shown to be feasible in two culturally different European populations of school children (Trolle et al., 2011c) .
Among the 7-to 8-year-old (n ¼ 74) and 12-to 13-year-old (n ¼ 70) schoolchildren in Denmark, the 24-HDR in combination with the food registration booklet was evaluated against a 7-day food record as a reference method. Compared with the 7-day food record, underreporting of energy was less with the 24-HDR method, especially for the oldest children, whereas underreporting was not significant for the younger schoolchildren. However, at group level, a significantly healthier diet (higher dietary fiber intake corresponding to higher intake of cereal, fruit and vegetables) was shown with the 24-HDR method compared with the 7-day food record. This results in concern about the method (Trolle et al., 2011a) . Although the 24-HDR was not recommended as the preferable method among preschoolers, the feasibility of this method in combination with the food registration booklet was evaluated in 20 Danish and 25 Spanish children in the age group of 4-5 years. The main reason for this decision was related to the limited time frame to test the feasibility of two different dietary assessment methods. If the combination of the proposed 'schoolchildren' methods would be feasible among preschoolers as well, similar methods could be applied for children aged between 4 and 14 years. The results from this small study indicated that in combination with the FRB, 24-HDR interviews with a parent or caretaker are feasible to assess the diet of preschoolers (Trolle et al., 2011b) . The data do not show whether the face-to-face 24-HDR yields more accurate results compared with a more detailed food record with a face-to-face instruction in filling-in.
Applicability in exposure assessment. The objective of a panEuropean food consumption survey is to provide information on the intake of foods, nutrients, as well as potentially hazardous substances. A critical analysis of food consumption surveys conducted from 1994 to 2007 in European member states revealed that the surveys were mainly designed to assess nutrient intake in the populations. However, many of the databases have also been used for the purpose of dietary exposure assessment of potentially hazardous chemicals (Le Donne et al., 2011) . Whether EPICSoft can contribute to the enhancement of dietary exposure assessment to chemicals in Europe was explored taking four flavoring substances as an example. Specific flavoring descriptors were added to the EPIC-Soft versions and tested in the EFCOVAL Studies. For the 121 Dutch participants in the EFCOVAL Study, exposure to raspberry ketone was estimated with and without considering the additional descriptors. The estimation of raspberry ketone exposure was substantially higher when additional flavoring descrip-tors were considered. It was concluded that the systematic collection of detailed food consumption data at the individual level is useful for dietary exposure assessment to flavoring substances and possibly to other potentially hazardous substances (Crispim et al., 2010) . Moreover, it was concluded that detailed assessment using food consumption data at the individual level is useful in the dietary exposure assessment of the flavoring substances.
To improve the statistical methods that estimate usual intake distributions from short-term dietary intake information and develop a methodology to quantify uncertainty in usual intake distributions For assessing the prevalence of nutrient inadequacy and the prevalence of intakes of substances that exhibit thresholds of chronic toxicity, it is important to have information on usual dietary intake. A 24-HDR method yields information on short-term intake. Several statistical models are available to estimate the population distribution of usual intake from at least two repeated measurements of short-term self-reports such as 24-HDRs, sometimes in combination with food propensity data.
One of the statistical methods for estimating the usual intake distributions, the Multiple Source Method (MSM), was developed within the EFCOVAL Project . In three steps, the method estimates the individual usual intake. First, for each individual, the probability of consumption of a food on a day is estimated. Second, for each individual, the usual amount of food intake on days of consumption is estimated. Finally, the usual food intake on all days is calculated by multiplying the probability of consumption of a food with the usual amount of food intake on days of consumption. The MSM shares a similar concept with the improved National Cancer Institute method (NCI) method (Tooze et al., 2006 (Tooze et al., , 2010 but differs in terms of the modeling part and in the handling of non-consumers. A strength of the MSM is its ability to combine dietary intake data such as 24-HDRs with supporting data on consumption frequency of other external sources, which is particularly important for the estimation of rarely consumed food distributions. As a unique feature, the MSM has been made available to nutritional scientists as a web-based software program. The program implements the algorithms of the MSM using the R system for statistical computation and allows interactive multiusage of the method through the website https://nugo.dife.de/msm/ .
The developed MSM methodology was compared with other methods to estimate usual intake distributions, that is, the Iowa State University method (ISU), NCI and Statistical Program for Age-adjusted Dietary Assessment (SPADE). The comparison was made through a simulation study as well as empirically by applying the different methods to intake of nutrients (that is, protein, potassium and protein density) and foods (that is, vegetables, fruit and fish) collected during the EFCOVAL validation study. Overall, the mean bias of the ISU, NCI, MSM and SPADE methods was small. However, for all methods, the mean bias and the variation of the bias increased with smaller sample size, data with a high within-person variation and with more pronounced departures from normality. With regard to the empirical comparison, the results showed that for protein, protein density and potassium, all the used methods produce comparable usual intake distributions. For vegetables, fruit and fish, the differences were larger than for nutrients, but overall the sample mean was estimated reasonably well . The choice of the most suitable method depends on available nutrient or food intake data; care needs to be taken particularly with regard to a high within-person variation in intake, a highly skewed distribution, a high proportion of zero intakes and small sample size.
A lot of efforts went into EPIC-Soft to standardize the 24-HDR and to reduce reporting errors as much as possible (Slimani et al., 1999 (Slimani et al., , 2000 . It is, however, well known that all self-reported dietary intake data, including 24-HDR data, are prone to errors. Validation studies provide insight in the overall error. The various sources of error underlying the overall error can be mapped using fishbone drawings (EURACHEM/CITAC Guide CG 4, 2000). In addition, simulation studies can be used to estimate the impact of specific sources of error on the estimation of the usual intake distribution. As estimation of portion size is expected to be an important source of uncertainty, the EFCOVAL Consortium illustrated a method to quantify uncertainty in usual intake estimation due to assumed imprecision in portion size estimation. The uncertainty analysis consists of Monte Carlo simulations drawing values for 'unit weight' (for example, the weight of a food presented on a photograph) and amount (for example, the number of cups) from lognormal uncertainty distributions. The usual intake distribution was estimated using the betabinomial-normal model. The uncertainty analysis was demonstrated for vegetables, fruit, bread, protein and potassium using the 24-HDR data of the Dutch participants (n ¼ 122) of the EFCOVAL Study. These examples showed different relative uncertainty for the foods and nutrients .
Recommendations for the future
Implementation of a pan-European food consumption survey using EPIC-Soft. Two non-consecutive 24-HDRs using EPICSoft and a food propensity questionnaire are suitable to collect sufficiently valid, detailed and standardized food consumption data in future pan-EU dietary monitoring surveys among adults. Finalization, testing and operationalization of the EPIC-Soft Methodology Platform is recommended before starting such a large pan-EU dietary survey. In addition, a thorough preparation of all protocols and tools of the food consumption survey is important for the quality and efficiency during data collection and processing. Some aspects that need to be prepared, such as sampling protocols and food propensity questionnaires, were not covered in EFCOVAL and will need further methodological development before implementation.
The preparation and data-handling phase of working with EPIC-Soft is labor intensive and requires trained, motivated and qualified staff. In the preparation phase, the required level of detail in food description should be defined. It is then crucial that the order of priority for substances and nutrients of interest be clearly identified, so that facets and descriptors for food description can be adjusted to the priorities. However, it should also be considered that the number of facets and descriptors in each facet needs to be limited to allow the interview to be feasible and not too long.
EFSA takes a great interest in the implementation of a panEuropean food consumption survey as shown in the recently started initiative EU menu (http://www.efsa.europa.eu/en/ datex/datexeumenu.htm). The so-called 'snowball-strategy' is proposed, which implies to start with a limited number of willing countries and then extend to countries that subsequently become interested to implement the methods and procedures.
To increase the likelihood of motivating many countries in joining, substantial financial support and allowing flexibility in national aims and extensions (without compromising standardization) seems important. To achieve this, stimulation of capacity building in Europe with regard to tasks involved in food consumption surveys is important. This could be done by regularly organizing an international course with specific training modules on dietary assessment methods, data collection and data handling .
Specific population groups. For school-aged children (7-14 years), it is recommended that the child as well as one of the parents take part in the interview, and that a FRB is offered as optional tool to record foods and drinks consumed out of home (without the parent). In addition, picture books used for quantification of portion sizes should be carefully adapted to be appropriate for (young) children as well as an age-specific-validated food propensity questionnaire (Trolle et al., 2011c) . Future studies should evaluate whether a short FRB in combination with an EPIC-Soft 24-HDR or an extensively structured food record with face-to-face instructions and completeness check, in combination with an EPICSoft data-entry tool, is better suited for preschoolers in terms of feasibility and validity. In case the latter is superior to the first, a data-entry version of EPIC-Soft would be needed. The newly developed and tested EPIC-Soft data entry is expected to become available after the finalization of the PANCAKE study in 2011 (CFP/EFSA/DATEX/2009/02).
Although it was not specifically addressed, EFCOVAL researchers acknowledge that the 24-HDR could be problematic as dietary assessment method among the elderly and others with emerging memory problems. For this group, a dietary record method might be a better option compared with a dietary recall. EPIC-Soft as a data-entry system might also be very welcome in this case and its application in this population should be investigated in future studies.
Estimation of nutrient and chemical exposure. To estimate nutrient intake from a pan-European food consumption survey in a harmonized way, continued efforts are needed on the harmonization of European food composition databases. Efforts to harmonize national food composition databases in Europe and elsewhere are under action in the EuroFIR Project (Westenbrink et al., 2009) . Similarly, for the assessment of potentially hazardous substances in the diet, the creation of food ingredient and packaging databases is considered as an essential requirement to improve the consistency and reliability of exposure assessments. Efficient procedures to link detailed food consumption data to food composition and occurrence databases should also be developed. In the recently granted EuroFIR-Nexus Project, a concept of a module to match EPIC-Soft food occurrences to foods in food composition databases available through the EuroFIR eSearch facility is being drafted (http://www.eurofir.net/ eurofir_aisbl/projects/eurofir_nexus).
Several statistical models are available to estimate the population distribution of usual intake from at least two repeated measurements of short-term intake measurements and a food propensity questionnaire. It is important that users be aware of the advantages and limitations of these models as discussed in a recent EFSA Report of the ETUI Project (CFP/EFSA/DATEX/2009/03) http://www. efsa.europa.eu/en/supporting/doc/86e.pdf. For the estimation of the usual intake of episodically consumed foods or substances, the properties of the available models and the advantages of the food propensity questionnaire data need to be further studied.
Future research. To anticipate large-scale dietary surveys in the longer term, new technologies, among which web-based or other multimedia approaches in dietary assessment, are suggested for further investigation. Scientific debate on uncertainties in assessment, usual intake distribution, food composition databases and relevant biases should continue. This debate, however, cannot be used as an argument against the implementation of a pan-European surveillance system, but should be taken as a means to maintain and improve the quality of pan-EU dietary intake data.
Overall conclusion
The findings of EFCOVAL Project provide sufficient evidence to conclude that the repeated 24-HDR using EPIC-Soft for standardization, in combination with a food propensity questionnaire and modeling of usual intake, is a suitable method for pan-European surveillance of nutritional adequacy and food safety among healthy adults and maybe in children aged 7 years and older. As a memory aid, and to capture the out-of-home consumption (not in presence of parents), a short registration booklet is advised to be used in dietary intake surveys involving children.
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